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We, Standard Tbijh»hones And Cables 
Umtted, a British Company, of Connau^t 
Hous^ 63 Aldwych, London, W.C2., 
England, do hereby dedare the invention, for 
which we pray that a patent may be granted 
to us, and the metiiod by which it is to be 
performed, to be particularly described in 
and by the following statement: — 

This invention relates to voltage regulators 
supplied from an unregulated AC. source. 
The regulated output may for example be 
AC, or it may be rectified and auootfaed 
O.C. 

It has previously been known to use regu- 
lators incorporating magnetic amplifiers, mov- 
ing brushes, moving coils or vacuum tubes. 
The magnetic amplifier types are bully, in- 
efficient, slow in response and either introduce 
distortion or require large filters whldi are 
inefficient and slow in response. The moving 
brush and moving coil types are also bulky 
and slow in response and present maintenance 
problems. Vacuum tube types are inefficient, 
limited in power handling capacity and utilise 
consimiable items. The regulator according 
to the present invention utilises static devices, 
is fast in response, efficient, relatively small, 
requires litde maintenance and is flexible in 
applicati<m. 

Aorording to this invention a vdtage regu- 
lator supplied from an A.C source comprises 
means for chopping the A.C input into pulses 
at a frequency whidi is high with respect to 
the frequency of the input, a comparator for 
comparing the output voltage with a reference 
voltage and generating control signals, and a 
controller under the control of the control 
signals \diich controls tiie ratio of the periods 
of time for which the cheaper is turned on 
and off such that an incr^e in the ou^ut 
voltage at the load causes a decrease in the 
pulse widdi or a decrease in ftequencv or 
both. 



Reference will now be made to the ac- 
companying drawings in which: 

Figure 1 is a block diagram of a regulator 
according to this inventira providing an A.C 
output, 

Figure 2, Figure 3 and Figure 4 are dr- 
auts partly shown in Mode form, which may 
be used in the invention, and 

Figure 5 is a block diagram showing an 
additional facility which may be provided, 

and to the drawings lodged herewith in 
which 

Figures 6 is a Mode diagram of a single 
ijase voltage regulator in accordance with 
this mvention, giving a D.C. output, 

Figure 7 is a Hodc diagram of a three 
phase voltage regulator developed from die 
single phase regulator of Figure 6, 

F%ure S xs a diaginaim showdng typical 
WBveiforms ajpfpearing at various podnts of 
die icgfulator of Figure 6, 

Figures 9a, 9b, 10a, 10b and 10c are cir- 
cuits of typical semiconductor chopper 
switdies that may be used in the invention. 
Referring to Figure 1 the unregulated sinu- 
soicfal input at the ftmdamental frequency, 
represented by waveform 1, is appfied to 
chopper 2 wherein it is diopped into a suc- 
cession of pulses as represented by waveform * 
3. These pdses, whidi are thus anoplitude 
modulated at the fundamental frequency, are 
applied to a low pass filter 4 which blod® all 
btit the fundamental (frequency whidi is ap- 
plied to ti»£ load as represented by waveforms 
5. A portion of the output 5 is appHed to 
comparator 6 to which a reference voltage 
from 8 is also applied The voltage resulting 
from the comparison is applied to oontroUer 
7 whidi produces pairs of signals at a fre- 
quency much greater than the fundamental, 
say 10 times, the sparing between the first 
and second signal of a pair determining the 
width of the pulse produced by the relator 
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2. If it is desired to change the voltage level, 
for example to obtain a hi^er voltage at the 
load ttian ^ the inpit, a tnansfoimer may be 
used at the input at 10 or prior to the load 
5 at 9. 

It shoidd be noted that the filter 4 reqwres 
only to blod: frequencies at the chopper 
i^etition rate and hig^ and hence is small, 
dSdoit and fast In lesponse compared with 

10 a filter required to hloA lower frequencies 
such as lower hannonies of the fimdanaental. 

Figure 2 shows one circuit, in ^cfa the 
chopper is shown in detail, whidi can be used 
to achieve a regulator according to this inven- 

15 tion. TRl and TR2 axe transistors connected 
in parallel in sudi a way that TRl can con- 
duct when input tenninal 11 is negative with 
respea to input terminal 12, and TR2 can 
conduct when 11 is positive with respect to 

20 12. Dl and D2 are blocking diodes to pre- 
vent reverse current passing through TRl and 
TR2. Liductor LI and capacitor CI form a 
simc^e low pass filter 4 and as such have a 
ost-oS frequency lower than the chopper 

25 repetition fequency but higher than the fun- 
dsunental. The output voltage is sensed at 
terminah 13 and 14, is compared with a 
lefeience voltage in 6 and the comparator out- 
put is applied to controller 7 which in turn 

30 api^lies pulses to base dectrodes 16 and 17 
of TRl and TR2. Details of the comparator 
and controller are not shown, but may consist 
of a transfonner' and rectifier to produce a 
D.C. signal proportional to the output voltage 

35 between 13 and 14, a zener diode to provide 
a reference voltage^ and a D.C amplifier to 
ampli^ the difference between the D.C sig- 
nal and the reference. This dilfcrence may 
then be applied to a trigger circuit in sudi 

40 a manner as to decennine the width of its 
square fnilse oulptft This trigger circuit may 
for esampie be a Sdututt trigger ^ich is 
separately excited to produce pulses at the 
desired diopper regulator repetition rate. This 

45 square wave output can thus be applied be- 
tween the base and emitter dectrodes of TRl 
and TRl causing them to switch on and off 
as desired. 

Figure 3 shows a drcuit performing a 

50 similar function but employing silicon con- 
trolled rectifiers SCRl and SCR2 whidi can 
be turned ON and OFF by pulses of suitable 
polarity applied to the gate electrodes. Such 
pulses could be provided for example, by 

55 differentiating the square wave output of the 
Scbmitt trigger described in rdation to Figure 
2, thus producing pulses at the start and 
finish of eadi square wave. 
Figure 4 shows a further circuit perform- 

60 ing a similar function employing silicon con- 
trolled rectifiers SCR3 and SCR4 whidi can 
be turfled ON but not OFF Igr pulses of suit- 
able pdarify at the gate dectrodes. In this 
case during one half cyde of the appUed alter- 

65 nating current SC313 is turned ON by die first 



of a pair of pulses applied to its gate. The 
second pulse of the pair is applied to the gate, 
of SCR5 causing it to conduct: the charge 
acquired by capacitor C2 through the inter- 
mediary of auto transformer Tl and rectifier 70 
D3 then causes a current to flow in a reverse 
direction through SCR3 for a short period 
until it ceases to condua and returns to the 
blodung state in readiness for its next con- 
duction pulse. Similarly during the other half 75 
cyde of the applied alternating current SCR4 
is turned ON by the first of a pair of pulses 
and is caused to return to the bloddng state 
at the end of each conduction period by means 
of SC316, a, D4 and T2. 80 

Distortion and undesired voltage transients 
may occur at the end of eadi copper pulse if 
the impedance presented to the chopper is 
other tiian resistive. To overcwne this a shunt 
path may be interposed between ±e chopper 85 
and the filter as shown in Figure 5. In this 
diagram 2 is the chopper and 4 is a filter 
as previously described. The shunt chopper 
19 may comprise a chopper similar to 2 but 
so arranged that eadi is conducting only ^ 
when the other is non-conducting. In this way 
the pulses ar^ transmitted to the filter 4 as 
previously described when 2 is conducting, 
and a low impedance is presented by 19 to the 
filter 4 and load thus maintaining continuity " 
of current flow and avoiding transient volt- 
ages indued when 2 is non-conducting. 

Fig. 10<r shows a drcuit performing the 
dual function of both series chopper and 
shxmt chopper employing silicon controlled I^ 
rectifiers in which silicon controlled rectifiers 
33 and 34 form the series switch and silicon 
controlled reaifiers 35 and 36 form the shunt 
switch and capacitors 38 and 39 and choke 
37 form a commutating drcuit for the sili- 
con controlled rectifiers. 

The series switch is switched on by aj^ly- 
ing positive pulses to the triggers of silicon 
controlled rectifier 33 and 34 and commu- 
tated off by switching the shimt switch on by 
applying positive pulses to silicon controlled 
rectifiers 35 and 36. 

Figure 10^ shows an additional facility that 
may be added to the circuit in Fig. 10a to 
limit excessive voltage transients that may be 115 
generated within the commumting drcuit and 
to feed bodic to ilie mooiDing power lines 
energy that may otherwise be trapped or dis- 
sipated and lost within die ooimnutating dr- 
cuit. 120 

Components 58 to 64 form the basic series 
shunt switdi arrangement shown in Fig. 10a. 

When the input terminal 50 is positive with 
respea to terminal 49 silicon controlled rec- 
tifiers 54 and 55 are triggered to the con- 125 
ducting state so that when the series switch 
containing silicon controlled rectifiers 58 and 
59 is conducting termmal 51 can become no 
more positive with respect to terminal 50 
than die voltage at tap 52 on auto-trans- 130 
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former 65 so that the peak forwaitf btockmg 
voltage applied across the shunt switch con- 
taming silicon controlled tectifiets 60 and 61 
IS no greater than tije line voltage between 

5 teimmais 49 and 50 jdus twice die voltage 
between tenninai 50 and tap 52. Also energy 
stored in choke 62 in the fonn of current may 
flow via sflioon controlled rectifiers 58^ 54 and 

t« ^^^^^ ^5 back into the incoming line: 

10 Smiilarly the shunt switch is conducting 
the forward volage across the series switch 
IS hnuted or if the terminal 50 is negative 
wiffi lespea to the terminal 49 then silicon 
controlled rectifiers 56 and 57 are caused to 

15 conduct. 

In the arrangement of Figure 6j single 
phase A.C voltage is from the A.C power 
source 1 to the controHed A,C chopper 
switch 2 and transformer 20. The transfor- 

20 mer 20 transforms the chopper A.C. voltage 
to the desired voltage and current levds wfierc 
It IS then rectified by the bridge rectifier 21 
and filtered by low^ pass filter 22. Hie rt- 
suiting D.C output voltage is fed to a com- 

25 parator 6 where it is compared with a D.C. 
reference voltage 8. If the output vrftage is 
less dian ±e reference voltage a signal is 
transferred to the control drcuit 7 and 
through to the chopper switch 2 causing it to 

30 close. If the output voltage is greater than 
the reference voltage then no signal is trans- 
ferred to 7 so diat the ch<q)per switch 2 re- 
mains open. Tbas the dioppM' switch remains 
dosed until the output voltage builds up to 

35 the desired reference level and diereafter 
alternates from the dosed state to the open 
state maintaining tlie output voltage dose to 
the desired reference voltage. Topically the 
penods of dosure of the diopper switch are 

40 only a small fraction of the period of the A.C. 
source voltage waveform and the frequency 
of dosure an order of magnitude greater than 
the frequency of the A.C. source voltage 
TOveform. A typical output waveform from 

45 the chopper switch is shown in Figure 8 to- 
gether with the resulting ripple waveform on 
the D.C. output. Thus the filter is required 
to store less energy for shorter periods of time 
than is required of a filter used in the normal 

50 uncontrolled or a phase controlled bridge rec- 
tifier power supply so that a smaller and 
more effident filter may be designed to keep 
the output ripple to within a given limit Also 
since less energy is stored within the filter 

55 componeits, particularly the inductive com- 
ponents, voltage surges caused by the rdease 
of stored energy from the inductive com- 
ponents on the removal of load are reduced. 
Smce the applied A.C power source may be 

60 coimected or disconnected at any instant a 
more rapid response to source voltage changes 
and load changes may be achiev^ than is 
possible with magnetic amplifiers of phase 
controlled switches. 
65 Referring to Figure 7, a three phase A.C. 



suppty voltage is fed to terminals 23, 24, 25 
and then tfarougji choicer switches 2, 1\ 2" 
to teee 0iase transformer 27. The secondary 
windings of transformer 27 feed the three 
giase rectifier 28 and ouq>ut fiker 29. The 70 
p.C output voltage is fed to the comparator 
6 and compared widi the D.C reference 8. 
If tibe D.C output is less than the reference 
voltage, then a signal is fed tQ die control 
orout 7 and dmw^ to diopper switches 75 
2, 2 and 2" causmg them to dose. If the 
D.C. ou^t is greater than the reference 
voltage then no signal is f ed to tiie control 
orcmt 7 and through to diopper switches 2, 
Z ana 2" sa that they remain open. 80 

The mode of operation^ of the dio©per 
switches m the three p^e circuit is simSar 
to the smgle phase case pievimisly described. 
iDe three phase drcuit ofEers a further ad- 
vratage that there is always a potential avail- 85 
atte at any instant between two or the supply 
ttot may supply energy to the system; 
wtiereas m die angle phase drcuit the supply 
potential reduces to zero eadi half cyde so 
that diere is need to store additional energy 90 
wtthm die filter system to supply the load 
near the supply voltage zeros. Thus less fil- 
temg is required in the three phase drcuit 
man m die smgle phase drcuit 

Tracal circuit arrangements diat may be 95 
used for smgle and three phase transistor 
cnopper svritches are shown in Figure 9?a> 
and 9(b) respectivdy. In Figure 9(a) tranas- 
tor 30 cames the A.C current over bodi posi- 
ttye and negative hatf cydes by means of the 100 
mode bndge arrangement In Figure 9(b) 
transistor 31 controls the current in one direc- 
iion while the diode 32 carries the current in 
the reverse direction- 
Typical circuit arrangements that may be 105 
n smgle and three phase or silicon con- 
troUed rectifier chopper switdies are shown 
in,^^^ ^^0>) respectivdy. Figure 

10(a) has ahirady been described. 

In Kgure 10^) silicon controlled rectifier 110 
40 and the commutating drcuit containing 
sducon contrdled rectifier 41, inductor 42 and 
capadtors 43 and 44 control the flow xA cur- 
rent in one direction while diode 45 carries 
the flow of current in the reverse direction. 115 

WHAT WE CLAIM IS: — 
1 . A votege xegufaior su|gdied from 
AXI sauroe oomipifaing means for dwppEnig 
a2ttA.C mipat onto (pdses at b> ftw^m^ 
whadii ss wsUb respect ito die feequency 120 
of ite mpud^ ai cmnimaitor for o om[t » iim ^ itihe! 
output volia®e witfa a xefieRooe vote^ and 
generatmg contnrt signals, and a controller 
under the amtrol of the control signals whidi 
fSS? ^ ^ periods of time for 125 
ymA lihe dhopper is tuaonod on and tsunredi 
off such that an mcrease in die ouqmt voltage 
causes a decrease in die pulse widdi, a de- 
crease in ftequenqr* or botn. 
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2. A voltage r^:iilator as daimed in daim 

1 in whidi the output is A.C., and a filter is 
interposed between the diopper and the out- 
put, the filter having a cut-off frequency 
lower than the chopper frequency but hi^r 
than the A.C. input frequency. 

3 A voltage regulator as daimed in daim 

2 in which the A.C ou^ut is rectified and 
compared with a reference D.C voltage. 

4. A voltage regulator as claimed in daim 
1 in which the output from the chopper is 
rectified and smoothed, and die D.C output 
voltage is the voltage that is compared with 
the reference voltage. 

5. A voltage regulator substantially as des- 
CTibed and as shown in Figure 1, or Figure 
1 as modified by Figure 5, of the drawings. 

6. A voltage regulator substantially as des- 



cribed and as shown in Figures 6 or 7 of the 
accompanying drawings. 20 

7. A voltage r^ator substantially as^ des- 
cribed in ^ich die chopper indudes a silicon 
controlled rectifier shunt-series switch ar- 
rangement as ^wn in Figure 10(a) of the 
accompanying drawings whereby forward 25 
voltages ^ikes and fe^back are limited and 
commutating energy is recovered. 

8. A voltage regulator substantially as des- 
cribed in wMch tihe chopper indudes a sili- 
con controlled rectffier shunt-series switch ar- SO 
rangement as shown in Figure 10(c) of the 
accompanying drawings whereby forward vent- 
age spikes and feedbadc are limited and corn- 
mutating energy is leoovered. 

S. R. CAPSEY, 
CSianex^ Patent Agent, 
For the Applicants. 
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